results were obtained in every sample. In Fig. 2(a) , the frequency dispersion in inversion region is caused by response of minority carriers. By decreasing the measurement temperature, the response is suppressed because intrinsic carrier density decreases at low temperature. Figure 3 shows the dependence of the capacitance at midgap voltage on frequency for the sample N 2 at various temperatures. It is found that the frequency dispersion is hardly observed at less than -25°C and more than 10kHz. This suggests that interface traps can not respond below -25°C and above 10kHz at midgap Those makes it very difficult to apply the Terman method at RT， because C-V curves under high frequency extreme cannot be obtained even at 1 MHz.
In order to determine an appropriate measurement method of interface trap density in Ge-MIS capacitors, the results evaluated by two typical measurement techniques, the Terman and the conductance methods, are compared at two measurement temperatures. The energy distributions of interface trap densities for the each sample are shown in Fig. 4 (a) to (d). Here, C-V curves at 1MHz and equivalent parallel conductance (G p /ω)-frequency (G-f) curves at 25°C and -60°C are used for the Terman and the conductance methods including the effects of surface potential fluctuation, respectively. It is confirmed in the sample N 2 that the interface trap densities evaluated from the Terman method at 25°C is higher than that of the other cases in especially band-edge. This means that the Terman method based on the C-V data at 25°C can not accurately measure the interface trap density because interface traps respond ac signals even 1MHz as seen in Fig.3 . On the other hand, the distributions measured by the Terman method at -60°C are in good agreement with those measured by the conductance method. Similar tendency is confirmed in the samples H 2 and NH 3 . However, in the sample O 2 , the distribution by the Terman method measured at -60°C does not correspond to other distributions. Although causes of the disagreement have not been clear yet, it is considered that stretch out of C-V curves is induced by surface potential fluctuation due to surface roughening as seen in Fig.1(b) and/or impurity redistribution during oxidation [5] . Figure 5 shows G p /ω measured at 25°C and -60°C as a function of frequency near -0.1eV from the midgap [the arrow in Fig. 6(a) ] of the sample N 2 . The G-f curve measured at -60°C is broader than that measured at 25°C and the maximum value is lower. Figure 6 known to lead to the decrease in the peak value of G p /ω [6] . Figure 6 (b) shows those including the effect of the surface potential fluctuation. It is found that the difference in the energy distributions of the interface trap density almost disappears by taking the effect of the decrease in the peak in G p /ω due to the surface potential fluctuation into account. As a result, the coincidence among the different evaluation methods for Ge-MIS capacitors with various interfaces guarantees the validity and accuracy of the present results and evaluation methods.
Conclusions
Accurate evaluation methods of interface properties for Ge-MIS structures have been proposed in this study. It is concluded that the conductance method including the correction due to G-f curve broadening and the Terman method using C-V data at sufficiently low temperatures are accurate techniques for evaluating the interface trap density of Ge-MIS interfaces. 
